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I* 
1)  A summarizat ion of the  prese.lt s i a t i ' s  o t  p r i i i c i p l e  
coiq?onents OL 3 so la r -  iLe: i> . id:  i c  s ) s t  ~1.1s; ~ o ~ - i ~ ~ t . L i ~ \ L ~ ~ ,  
del.cracor, and ti.err:iiunic coi.vert  CL-. 
An a n a l y s i s  an:! opt i i i i i za t ion  of the c o n t r o l  and  a n c i l l a r y  
co;nponents neeJecl as  a f u n c t  ion o f  t y p i c a l  mi s s ion  r e q u i r e -  
ments, a n t i c i p a t e d  load  p ro t  i l e  and d e s i r - e d  o v e r a l l  sys tem 
e f i  i c  iency  . 
2 )  
3 )  A p r e d i c t i o n  O L  s J s t e i :  perioi-i.innce based on t t . e  e- , . -a lua t ion  
of C O i n P O l l C l l t S  and coiy)o:ieni par,ir;,e t e r - s .  
4 )  :-:ecui:n.ieil~atiolis i o r  f u t u l e  C O . , I , ~ O ~ , C I ~ L  : e s i < n .  
5 )  A n  o u t 1  i n e  o l  r e ix i iu in i  , !e : ,e lopcent  i t  c'ps cecesszry t o  
b r i n g  t i iese  co.iipoiients :it f 1 i L h t  s t a t u s .  
1 





























b e  achiex ed by proLo:) lies i n  1366- 6 7 .  ..ei,ht an< i  e f i  icie:-!c) 
numbers are b a s e d  on r e a s o n a b l e  p r o j e c t  ions oi t h e  s t a t e - o f - t h e - a r t  
a s  d e s c r i b e d  i n  Volucte 11. As a r u l e  OL t h u n b ,  i o r  t h e  sncie power - 
o u t p u t ,  the s p e c i f i c  weight of t h e  system a t  i\lars (50 w / f t  ) w i l l  




x e i g h t  of t h e  system a t  Venus (250 W / L L  ) w i l l  ue ,tbout 2/3 t h e  
s y s t e m  wei,ht a t  E a r t h .  D1.e p r i m o r i l }  t o  lower ,e i icrator  e i f i -  
c i e n c e s ,  a s b s t e m  us ing  1965 s t a t e - a i - t k - a r :  compoilcrits would 
weigh roughly 2 . 5  times t h e  1968 system. SEstem weight may d r o p  
by 10 t o  20 p e r c e n t  from 1968 t o  1 9 7 0 .  
4 ,  SOLAR CONCEhTRATOR 
P r o j e c t e d  c o n c e n t r a t o r  c h a r a c t e r i s t i c s  a r e  i l l u s t r a t e d  i n  
F i 6 : , 2  
i s t i c s  of s o l a r  c o n c e n t r a t o r s .  I n  t h e  1968-70 p e r i o d ,  s p e c i f i c  
w e i g h t s  of 0.5 lb / t - t 2  f o r  n i c k e l  c o n c e n t r a t o r s  and 0.3 t o  O S 4  l b / f t  
f o r  aluminum and b e r y l l i u m  c o n c e n t r a t o r s  a r e  b e l i e v e d  p o s s i b l e .  
which shows tlie l b s / s q  f t  and p r o j e c t e d  e f f i c i e n c y  c h a r a c t e r -  
2 
P r i n c i p l e  problem a r e a s  i n  c o n c e n t r a t o r  development are: 
1: Development and t e s t  of a h i g h l y  s p e c u l a r  r e f l e c t i v e  
s u r f a c e  and demons t r a t ion  t h a t  i t  w i l l  w i t h s t a n d  t h e  s p a c e  
env iroument . 
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As sump t i o n s  : 
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2 )  C o n c e n t r a t o r  s p e c i f i c  \ d t .  = 0.5 I b / Z t  assuming N i  c o n c e n t r a t o r s .  
3)  The most s imple  s y s t e m  i s  assumed: 
a )  
b )  No energ: s to ra , e  
c )  KO C s  lies. or  s o l a r  f l u x  c o n t r o l s  
4 )  XeiLht i o r  a u x i l i a r l  a t t n c h n e n t s  t o  ve1 , i c l e  not inclut led.  
5 .  Weitht  Lor i n s t r u m e n t a t  i on  not iiiclutlell. 
6 )  Performance i s  based on judgerlent 01 per:ormance a v a i l a b l e  from 
S t  e a d l -  s t a t  e c o n d i t  i o n s  
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As sump t i o n s  : 
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1 6  - 
47.6 
84.7 
1 0 , 5  
9- 1 / 2 ,  
63.5 
9 7  
18 






2 1  - 
65.4 
7 4 , l  
10.8 
2 )  
3 )  The n o s t  s i m p l e  s y s t e m  i s  assucied: 
C o n c e n t r a t o r  S p e c i f i c  W t .  = 0.4 l b / f  t L  assuming A 1  c o n c e n t r a t o r s .  
a )  St ead y- s t a t  e cond i t i o n s  
b )  No energy s t o r a g e  
c)  No C s  Kes,.or s o l a r  f l u x  c o n t r o l s  
4 )  , ;eight f o r  a u x i l i a r y  atLachments to l e h i c l e  not  i n c l u d e d .  
5 )  ideight f o r  i n s t r u n e n t a t  i o n  not inclucieci I 
6 )  Performance i s  based on reasona!)le judt;e:nent oi performance a v a i l a b l e  
i n  p r o t o r y p e s  i n  1966-67, s j s t e m  a v a i l a b i l i t y  i n  1968,  
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9 ;  
n .- 
2 CL- - w  -c aJ 
I 
N 
0 0 P e x 0 
XDW 0 - 3  
'A3N3131j33 kl38klOS8W-kl02331103 W f l W l X W W  
2 )  O p t i m i z a t i o n  o f  weight c h a r a c L e r i s t i c s  Lhroiigh a n a l y s i s  
and t e s t  t o  Jeteriiiiiie l imits 011 c o n c e n t r a t o r  weight ;  a l s o ,  
developmenL oi coiiceiiLrcltors w i t h  i i c w  u i a t  er Lis. 
3 )  Determinat ion Lhroubli  a n d l h s i s  and t e s t  of the p rope r  
suppor t  mechanisms. 
A s u r v e y  was iiac!e of a v a i l a , l e  J d t a  reAnrding s u r f a c e  
d e g r a d a t i o n .  It was  no t  iouncl possiL+le t o  ,!erivL: a c c u r a c e  e s t i m a t e s  
of degraciatioii  but  s u f  f i c i e i i t  e .  idelice i s  a \ a i L : , l e  t h a t  i n d i c a t e s  
a s e v e r e  pro!)lei,i m y  exisL Jue  L O  U . I b .  anJ i,iicrorneteoroid 
d e g r a d a t i o n .  
C a l c u l a t i o n s  were made t o  e s l a t l i s h  tlie e f l i c i e n c )  of the 
c o n c e n t r a t o r - a l s o r h e r  uniier a v a r i e t j  O L  c o d i t  i o n s ,  Expres s ion  f o r  
concentrator-absoi-1,er  e f f i c i e n c h  i s  si o m  i n  F ig ,  2 a s  a f u n c t i o n  
of c a v i t y  temperacure anr! d i s t a n c e  froin tlie sun.  ReflecLion and 
r e r a d i a t i o n  losses from t h e  c a v i t y  a r e  bo th  s i g n i f i c a n t  w i t h  
r e f l e c t i o n  l o s s e s  being pretlominact.  Assumptions f o r  m i r r o r  
e f f i c i e n c y  a re  shown. 
,- 
Because of r e f l e c t i o n  and r e r a d i a t i o n  l o s s e s ,  i t  was found t h a t  
t h e  c o n c e n t r a t o r - a b s o r b e r  e f f i c i e n c y  ( 2 c - a )  cou ld  be  h i g h e r  f o r  
l a r g e r  c o n c e n t r a t o r s  even though t h e  s u r i a c e  d e v i a t i o n s  were g r e a t e r .  
The c u r v e s  of Fig.2-d are so.!;ewliat p e s s i m i s t i c .  a t  Mars and o p t i m i s t i c  
a t  Venus s i n c e  t h e  change i n  the s u n ' s  iiaa,e s i z e  was not c o n s i d e r e d ,  
A series oi recomnended programs i o r  c o n c e n t r a t o r  development 
are  d i s c u s s e d  i n  S e c t i o n  11, Volume 11 of t h i s  r e p o r t .  These 
programs are: 
1 )  E v a l u a t i o n  of Mirror  Coa t ings  (by s i n u l a t e d  space t e s t s )  
2 )  Es t ab l i sh r i en t  oi ConcentLator Coat in; T e c h n i q x s  
3 )  Dynamic AnLl I s i s  and TesL 01 5 - f t  Concen t r a to r  SLruc tu res  
4 )  
5 )  
6)  I n v e s t i G a t i o n  and Environmental  Test of A I ,  Ec and o t h e r  
Dynamic Ana lbs i s  and rest of Y - l / Z  f t  Concen t r a to r  S t r u c t u r e s  
Developr,!ent OL 3-1 /2  i t ,  50 0 Lo 60' R i m  An,lc Ls:ers 
Concent ra t  o r s  
4326-Vol. I 
7 )  Development of Rear S u r i a c e  Coa t ings  f o r  ConcenLrators  
8 )  I n v e s t i g a t i o n  of Techniques f o r  S t i l r e n i n g  Thin N i r r o r  
Sur i aces 
9 )  Inves t  iba t  i o n  of Torus Attaclirrent Techniqires 
The two modes of  f a i l u r e  o i  t h e  c o n c e n t r a t o r  of most concern 
a r e  d e g r a d a t i o n  01 t h e  m i r r o r  s u r t s c e  du r ing  c r u i s e  and b u c k l i n g  of 
t h e  s k i n  ( f o r  l i g h t w e i g h t  co , i ce i i t r a to r s )  d u r i n g  launch.  L i t h e r  
f a i l u r e  can l ead  t o  p a r t i a l  o r  c o u p l e t e  f a i l u r e  t l i rou lh  d e c i e a s e  of 
c a v i t j  t empera tu re  and loss 01 power. Xetiiods 01 cocipeiisation in- 
c l u d e  t h e  u s e  01 i n c r e a s e d  c o n c e n t r a t o r  a r e a  combined w i t h  a 
s o l a r  flux c o n t r o l  s u b s j s t t m .  
5. GEXERATOR SUPPORT 
F i g u r e  -j i l l u s t r a t e s  s e v e r a l  g e n e r a t o r  suppor t  concep t s  wliich 
cou ld  be used i n  an o p e r a t i o n a l  system. The c h o i c e  or' t h e  nurtber 
of arms h ing ing  and o t h e r  methods of i n t e g r a t i n g  t h e  arms i n t o  the 
sys t em w i l l  depend on: 
- - I 
1) V i b r a t i o n  c h a r a c + e r i s t i c s  of t h e  s t r u c t u r e  
2 )  Packaging and deployment p o s s i b i l i t i e s  
3 )  E r f e c t  on system d e s i b n  
f i e  d e s i g n  o i  t h e  a r m  should r e p r e s e n t  an optimum t r a d e o l f  
between t h e  f o l l o w i n g  f a c t o r s :  
1) Obscura t ion  of t h e  c o n c e n t r a t o r  
2 )  Power losses i n  t h e  leads  due t o  h i g h  r e s i s t a n c e  
3 )  Amount o t  h e a t  conducted t o  t h e  DC/DC c o n v e r t c r  a t  t h e  
end of Lhe arms 
4 )  A b i l i t y  t o  a c c u r a t e l y  p l a c e  t h e  g e n e r a t o r  w i thou t  moLemeiit 
due t o  therinal t r a d i e n t s  
5 )  Minir.ium w e i d l i t  
6)  Abil iLq t o  hold i n s t r u r i e n t a t  ion,  l e a d s ,  e tc .  
7)  E l i m i n a t i o n  of magnetic f i e l d  
4326-Vol. 1 8 
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From a systems v iewpo in t ,  a s e r i o u s  problem is  t h e  c o n d u c t i v i t y  
o f  h e a t  down t h e  r e l a t i v e l y  t h i c k  leads  t o  t h e  I)C/DC c o n v e r t e r .  
Temperatures  above 50 C a t  t h e  DC/!)C c o n v e r t e r  w i l l  r e s u l t  i n  lower 
e f f i c i e n c i e s  and r e l i a b i l i t y .  
0 
Two sets  of suppor t  arms, each f o r  5 f t  c o n c e n t r a t o r s ,  have 
been  assembled.  The f i r s t  w a s  a + legged  aluminum frame s t r u c t u r e  
which un fo lded  i n t o  p o s i t i o n .  Jke second was a r i g i d  3- legged 
- s t r u c t u r e  u s i n g  c o a x i a l  members shown i n  Fig.  3. The arms 
shown i n  F i g .  3 are  made of aluminum; t h e  e n t i r e  s t r u c t u r e -  ( i n c l u d i n g  
c o n c e n t r a t o r )  has  been s u b j e c t e d  t o  t h e  Atlas-Agena D, Plariner Mars, 
s o l a r  p a n e l  complete  Type Approval l e v e l  env i ronmen ta l  t e s t s .  '&e 
g e n e r a t o r  s u p p o r t  arm s t r u c t u r e  has been s u b j e c t e d  t o  S a t u r n  IU Type 
Approval a c o u s t i c  n o i s e  (148DB) t e s t s  wi thou t  f a i l u r e  o r  damage. 
"he c h o i c e  of m a t e r i a l s  was examined and i t  was found t h a t  
b e r y l l i u m  would p r o v i d e  t h e  b e s t  suppor t  arms when a l l  d e s i g n  
r e s t r i c t i o n s  were c o n s i d e r e d .  An example of s)stem t r a t l eo i r ' s  i s  
shown i n  F ig .  3 which shows t h e  e f f e c t  o i  v a r y i n g  t h e  d i ame te r  of 
t h e  s u p p o r t  arms on s y s t e m  we igh t .  
I 
In a l l  c a s e s  examined, optimum g e n e r a t o r  suppor t  weight was 
found t o  b e  f a i r l y  l i b ;h t ,  r ang ing  fro:n 2.5 11)s f o r  a 5 f t  system 
t o  4.2 l b s  f o r  a 9-1/2 f t  system. 
as a f u n c t i o n  of c o n c e n t r a t o r  d i ame te r  is  shown i n  Fig.  4 .  
The l e n g t h  o'f t h e  suppor t  arms 
The f a i l u r e  mode of concern i s  t h e  a b i l i t y  t o  u n f o l d  t h e  arms 
r e l i a h l y .  Th i s  could l e a d  t o  p a r t i a l  o r  complete  t a i l t i r e ;  co:iipen- 
s a t  i o n  cou ld  t a k e  t h e  form of e x t r a  o v e r r  icte rncchai; isi:is 1.0 i n s u r e  
un f o l  1 1  ing . 
Recommended programs f o r  generat  o r  si lpport  development a r e :  
1 )  Design and Development of Unfolding Genera to r  Support 
A r m s  f o r  a 5 f t  System 
Design and Development of Rigid Genera to r  Supports  f o r  
a 5 f t  S y s t e m  
2 )  
3 )  Opt imiza t ion  of  t h e  Genera to r  Support  Design 



























6 .  THERMIONIC CONi'ERTER 
During t h e  s tudy ,  I - V ,  P-V and e f f i c i e n c y  c u r v e s  were de r i l - ed  
n L f o r  c o n v e r t e r s  o p e r a t i n g  a t  15, 2L8 and 25 watts/cm a t  0.7 v o l t s  
and emitter t e m p e r a t u r e s  of 1500 t o  1,700 C, Typica l  c u r v e s  are 
shown i n  F ig .  5 . The c o n v e r t e r s  were assuixeci t o  b e  o p e r a t i n g  
i n  a n  e x c i t e d  mode. 
0 
As i l l u s t r a t e d  i n  F i g .  5 - c ,  s e v e r a l  d i f i e r e n t  t y p e s  of I - V  
c u r v e s  can  be d e r i v e d  depending on power inpu t  c o n d i t i o n s ,  A1:lost 
a l l  the c o n v e r t e r  I-V cur. es rleasured i n  t h e  l a b o r a t o r y  1.iaintaineJ 
c o i i d i t i o n s  of c o n s t a n t  e r i i t t e r  ternperatures  and "opt imized" reser- 
v o i r  and r a d i a t o r  t e m p e r a t u r e s .  This t J p e  oi curve,  w h i l e  u s e f u l  
a s  a n  i n d i c a t i o n  of p o t e n t i a l  performance, cannot  be used  i n  systenis 
a n a l l s i s  where c o n s t a n t  power input i s  t h e  gove rn ing  c o n d i t i o n  i n  
co i ive r t e r  o p e r a t  ion.  
0 If a c o n v e r t e r  i s  des igned  f o r  1700 C emitter t e m p e r a t u r e  a t  
a s p e c i f i c  v o l t a g e ,  operat ion a t  o t h e r  1.olLage l e v e l s  w i t h  c o n s t a n t  
power i n p u t  w i l l  v a r l  tlle t empera tu res  wi t l l i n  t h e  c o n v e r t e r ,  1liL:her 
currents  and lower v o l t a t e  r e s u l t s  i n  hi ,her ser.1 anu c o l l c c L o r  
temperatures ' Lower c u r r e n t s  and h i b k r  vo l t a , e  resul ts  i n  h i g h e r  
emitter t e m p e r a t u r e  and loKer c o l l e c t o r  and seal t empera tu re .  U n t i l  
a d e q u a t e  r e l i a b i l i t y  d a t a  i s  ga the red  r e g a r d i n g  t h e  e f t e c t s  o f  
v a r q i n g  t h e  load,  i t  i s  assumed t h a t  t h e  optimum d e s i g n  c o n d i t i o n  
from a system v iewpo in t  i s  t o  ma in ta in  t h e  o u t p u t  of t h e  c o n v e r t e r  
c l o s e  t o  t h e  d e s i g n  p o i n t .  
Gene ra l ly ,  t h e  avo idance  of r a p i d  i n c r e a s e s  o r  decreases i n  
temperature is  d e s i r a b l e .  Also ,  l a b o r a t o r y  t es t s  i n d i c a t e  t h a t  
s t a r t - u p  w i l l  r e q u i r e  load adjustment  t o  s h o r t - c i r c u i t  c o n d i t i o n s  
a l o n g  w i t h  a maximum i n p u t  of s o l a r  energy t o  t h e  g e n e r a t o r .  
I '  
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S e v e r a l  c o n v e r t e r s  are nov a v a i l a b l e  which have e x h i b i t e d  
power d e n s i t i e s  of 20 t o  2 ?  w/crn2 a t  2000°h and 0 .7  v o l t s ,  
2 i s  expec ted  t h a t  protoLype p roduc t ion  d i o d e s  e x h i o i t  i n& 25 w / c m  
w i l l  be a v a i l a b l e  by  1966. ideights on Ll;e o r d e r  of 0.5 l b / d i o d e  
a re  expec ted .  P r i n c i p l e  problem a r e a s  a r e  heat t r a n s i e r  t h rough  
t h e  d i o d e  a n d  o b t a i n i n g  low c o l l e c t o r  hork i u n c t  i o n s  - 
It 
The mechanisms of c o n v e r t e r  f a i l u r e  a r e  not comple t e ly  m d e r -  
s t o o d .  S e v e r a l  c o n v e r t e r s  have been l i i e - L e s t e d  5000 h r s  at: 
L 
l e v e l s  of 10 w/cm 
Conver t e r  f a i l u r e s  can  t a k e  t h e  form 01 opens,  s l i o r t s  o r  p a r t i a l  
f a i l u r e .  
L a i l u r e  s e n s i n g  and shun t  meclianisus, and/or  e x t r a  c o n v e r t e r s  and 
b e n e r a t o r s  
and s e v e r a l  o t h e r s  have been cycletl  2000 t i r ~ e s .  
Compensation can i n c l u d e  e x t r a  L)C/DC c o : i \ e r t e r s  w i t h  
Kec o m e  nd e d p r og r anis f o r f u t u r e c o nv e I t e r tl ev e 1 o prie n t a r e : 
1) Figh Power Dcns i t )  Diode Advanced !:eat Transf er Program 
2 )  Iiibh Polher D e n s  i L j  >L-.terial ;Jt7,fcLo,irtcnt Program 
3)  Thermionic Converter  and L eiieraLor L i f e - T e s t  i ng  Pro,ram 
4 )  Acquis i t  i o u  of Diode A p p l i c a t i o n  Data 
5)  I n v e s t i L a t i o n  of E i f e c t  of Loder Temperatures on 
Convert e r Des i k n  
7. T € E K P l I O K I C  GENERATOR 
The thermioi i ic  g e n e r a t o r  c o n s i s t s  of the t h e r n i o n i c  c o n v e r t e r s ,  
s t r u c t u r e  f o r  l iolding t h e  c o n v e r t e r s ,  c i v i t y ,  power l e a d s ,  i r o n t  
cone and s h i e l d i n g ,  i n s t r u n e n t a t  ion, attac1w:ents t o  t h e  g e n e r a t o r  
suppor t ,  and r e l a t e d  i tens.  F1.1x c o n t r o l s  and cesium r e s e r v o i r  
c o n t r o l s  may a150 be attaciiec!. The po:;rtr arid e i f i c i e n c y  of a 
5 - c o n v e r t e r  g e n e r a t o r  test ecl Lly JA'L i n  l a t e  1 9 0 &  i s  shown i n  F i g o  6-a .  
Also shown i s  a curite of dxpected g e n e r a t o r  e i f i c i e n c y  vs c a v i t y  
t empera tu re  u s i n g  a con'verter capaLle oi 25 wotts/cm2 a t  170OOC. 
The s o u r c e  of g e n e r a t o r  losses  i s  indicaLed.  



















P a s t s  of t h e  t r a t i eo f f  i n  deterininin,: s y s t e r i s  s i z e  and m i r r o r  
d i a m e t e r  i n v o l v e s  a number of c o n v e r t e r s  which will be used i n  a 
s i n g l e  g e n e r a t o r .  The number as  a i u n c t i o n  O L  rower o u t p u t  from 
the  g e n e r a t o r  is  i n d i c a t e d  i n  F ig .  6 
Genera to r  e f f i c i e n c y  does noc i n c l u d e  t h e  r e r a d i a t i o n  losses 
from t h e  c a v i t y .  Cav i ty  d e s i g n  i s  a n  e s s e n t i a l  f e a t u r e ,  however, 
of g e n e r a t o r  d e s i g n .  Re rad ia t ion  and r e f l e c i i o n  losses from t h e  
c a v i t y  can assume major consequences as L!iscussed i n  S e c t i o n  5; 
r e f l e c t i o n  l o s s e s  are more s e r i o u s  i n  g e n e r a l  than r e r a d i a t i o n ,  
D e t a i l e d  s t u d i e s  01 g e n e r a t o r  weidht were not  made. For 
systems c a l c u l a t i o n s ,  i t  was assumed t h a t  each c o n v e r t e r  would 
weigh 0.5 lbs w i t h  a n  a d d i t i o n a l  30 p e r c e n t  f o r  c e n e r a t o r  s t r u c t u r e .  
ConsideraLl> more e f f o r t  i s  r e q u i r e d  t o  de t e rmine  t h e  optimum 
t r a J e o f f s  between g e n e r a t o r  performance a t  h i g h e r  emitter tempera- 
t u re s  and t h e  per ia l ty  i n  r e l i a b i l i t y  f o r  o p e r a t i n g  a t  n o n t l e s i g n  
p o i n t  loads .  
Kecommenl le<l p r o s  r am f o r  bene rat  o r  ti eve lopiiient a r e  : 
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1) 
2 )  Cav i ty  Des i,;n and Development 
High Power M u l t i - c o n v e r t e r  Design Study 
8 .  TLiSTKUF.IE:JTATION 
A n  e>.amination was made of t h e  t y p e s  of i n s t r u m e n t a t i o n  
r e q u i r e d  to r  o p e r a t i o n  of t h e  s o l a r - t h e r m i o n i c  s y s t e m  and tlie 
t y p e s  of s e n b o r s  which would be a p p l i c a b l e .  
F i g u r e  7 i l l u s t r a t e s  t h o s e  i n s t r u m e n t s  which a r e  needed f o r  
c o n t r o l  of t h e  system and which are  u s e f u l  f o r  mon i to r ing  per-  
formance and /o r  v a r i a t i o n  of  o ? e r a t  i o n a l  c o n d i t i o n s  by ground 
corimnnd, 
Techniques f o r  measurenent a r e  a v a i l a b l e  f o r  a l l  v i t a l  
f u n c t i o n s  w i t h  t h e  except  ion of emitter ter:iperaLures. 
s t  a b i l i t y  of therniocouples or  r e s i s t < i n c e  e l e n e n t s  a t  emitter 
t e i ape ra tu res  i s  poor. Passive methods a r e  p o s s i b l e  t o  i n l l i c a t e  
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e lemen t s ,  m e l t i n g  s o l i d s ,  e t c .  Kone of these i:ietllotls is  s u f f i c i e n t l y  
a c c u r a t e  i o r  c o n t r o l  purposes .  !lowever, i t  shou ld  be p o s s i b l e  t o  
e x t r a p o l a t e  emitter temperatures from c u r r e n t  and L o l t a g e  neasure-  
ment s of  t h e  c o n v e r t e r  . 
Sensing of high c u r r e n t  is e a s i l b  acconp l i s l i ed  by a s m a l l  
s a t u r a t e d  c o r e  c i r c u i t .  'The c o i l  is  wound around t h e  DC l e a d  and 
t h e  c u r r e n t  level i s  sensed  by moclultition of t h e  c o i l .  Such c u r r e n t  
s e n s o r s  w i l l  weigh a few ounces and can o p e r a t e  i n  a r e l a t i v e l y  
h i g h  t e m p e r a t u r e  environment.  ilowe:.er, l ong  t e rm s t a b i l i t y  t e s t s  
a re  r e q u i r e d .  
To d a t e ,  cesium r e s e r v o i r  and r a d i a t o r  t e m p e r a t u r e s  on c o n v e r t e r s  
have been measured using t i ~ e ~ i : i o c ~ ~ ~ p l e s .  It is  recomiended t h a t  
r e s i s t a n c e  e l emen t s  Le developcd i o r  use w i t h  tl!e c o n v e r t e r s  and 
e v e n t u a l  u s e  on a f l i g h t  s y s t e m .  TZle primary advan tages  of a 
r e s i s t a n c e  element a re  l i n e a r i t y  and l a c k  of e x t e n s i v e  backup c i r -  
c u i t r y .  The d i s a d v a n t a g e  i s  c o s t  and e f f o r t s  shou ld  be made t o  
deve lop  a low c o s t  u n i t .  
A t r a d c o f f  w i l l  have t o  b e  made between. t h e  amount of i n s t r u -  
men ta t ion  d e s i r a b l e  f o r  mon i to r ingL  rhe weight and c a b l i n g  problems 
a s s o c i a t e d  w i t h  a l a r g e  number of i n s t r u m e n t s  a re  f u r t h e r  c o n s i -  
d e r a t  i o n s .  
9 .  SOLAR FLUX CONTROL 
S o l a r  f l u x  c o n t r o l s  would be used i o r  m i s s i o n s  which p r e s e n t  
n o n - e q u i l i b r i u m  c o n d i t i o n s  t o  the s o l a r - t h t r r , i o , i i c  s2stem s u c h  as  
o r b i t a l  da rkness ,  c o n t i n u a l l y  incre . is inL o r  d e c r e a s i n g  s o l a r  L l m ,  
e t c .  For e q u i l i b r i u m  c o n d i t i o n s ,  s o l a r  i l u x  c o n t r o l  i s  not 
r e q u i r e d  
For E a r t h  o r b i t a l  a p p l i c a t i o n ,  s o l a r  f l u x  conLrol  cou ld  be used 
f o r  t h e  i o l l o w i n g :  
1) Clos ing  o i f  of t h e  c a v i t y  e n t r a n c e  d u r i n g  d a r k n e s s  t o  
p reven t  r a d i a t i o n  losses  arid t o  m a i n t a i n  h i g h e r  
g e n e r a t o r  t empera tu res .  
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2 )  Regu la t ion  of s o l a r  i npu t  d u r i n g  s t a r t - u p  t o  minimize 
t e m p e r a t u r e  r i s e  r a t e s .  
3 )  i<egulaLion of s o l a r  input  t o  accoun t  f o r  t i eg rada t ion  o i  
t h e  c o i l c e n t r a t o r .  
::one of t h e  above f m c t  i ons  a r e  mandatory i rox  a sysLen u iewpo in t ;  
i .e . ,  t h e  sys tem w i l l  & u n c t i o n  without  s o l a r  i l l i x  c o n t r o l .  T u r t h e r -  
more, Lhe v a l u e  of s o l a r  f l u x  c o n t r o l  f o r  the abo\re r e a s o n s  i s  
d o u b t f u l .  During da rkness ,  t h e  heat  l o s s  from t h e  caviLy is  a 
s m a l l  p o r t i o n  of t h e  hea t  l o s s  from t h e  res t  of t h e  g e n e r a t o r .  For 
s t a r t - u p ,  l a b o r a t o r y  e x p e r i e n c e  i n d i c a t e s  t h a t  h igh  periorrnance 
c o n v e r t e r s  w i l l  r e q u i r e  a maximum of  s o l a r  i n p u t  a t  s t a r t - u p  i n  
or..ier t o  i n s u r e  opening of t h e  d i o i e .  If s e v e r e  J e g r a d a t i o n  of a 
c o n c e n t r a t o r  i s  expected,  t h e  u s e f u l n e s s  of t h e  e n t i r e  s o l a r - t h e r m i -  
o n i c  s y s t e m  i s  i n  q u e s t i o n ,  On t h i s  b a s i s ,  t h e  u s e  of s o l a r  f l u x  
c o n t r o l  f o r  E a r t h  o r b i t a l  a p p l i c a t i o n s  i s  no t  recommended. Th i s  
c o n c l c s i o n  might be  cl:ang'ed w i t h  t h e  i n t r o c l x :  i on  or' thermal  energy 
s t o r a g e ,  o r  w i t h  f u r t h e r  d a t a  on s t a r t - u p  of c o r i ~ e r t e r .  
For m i s s i o n s  which t a k e  t h e  v e h i c l e  away from Ear th ,  ( p l a i i e t a r y  
and s o l a r  prolles) s o l a r  f l u x  c o n t r o l  nay b e  n e c e s s a r y  t o  re; ;ulaLe 
t l le  i npu t  of t h e  s o l a r  f l u x  t o  t h e  ; e n e r a t o r .  
v a r i a b l e  loads  o r  ad jus t  r;ients of cesium r e s e r \ , o i r  i s  noL p o s s i b l e  
w i t h  l a r g e  s o l a r  i n t e n s i t y  v a r i a t  ions w i t  t.Olit cons ic ierable  0-. e r h e a t  i i 1 , G  
o i  the emitter o r  seals d u r i n s  orle p a r t  o i  the riissLon. A n  exanin-  
a t  i on  o i  t he rmion ic  c o n v e r t e r  d e s i g n  t o  d a t e  in.l icat  es tl;at: s e a l  
and emitter temperatures could becocie ex t r eme ly  h i g h  and the 
r e l i a b i l i t y  of t h e  d e v i c e  w o i i l d  be i n  ques t io ! i .  
Compensation w i t h  
The u s e  of load c o n t r o l  as  a neans of conpensa t ion  f o r  v a r i a t i o n s  
i n  s o l a r  f l u x  s h o u l t l  not  b e  d i s c a r d e d ,  l.owe::er, bu t  sho.-ll.I be con- 
s i d e r e d  i n  a s e p a r a t e  c o n v e r t e r  de1;elopment program w i t h  t h i s  
s p e c i f i c  g o a l  i n  mind. 
19 
. .  
If some v a r i a t i o n  i n  power o u t p u t  con be t o l c r a r e d ,  i t  a p p e a r s  
p o s s i b l e  t o  u s e  an e n t i c e l y  "passive" systeriis; i.t., where r e g u l a t i o n  
of s o l a r  f l u x  inpu t  t o  t h e  c a v i t y  i s  o b t a i n e d  by t h e  ' .variation i n  
t h e  f o c a l  image d i r e c t e d  i n t o  a c a v i t y  w i t h  f i s e d  e n t r a n c e  d i a m e t e r .  
Temperature and power poutput  v a r i a t i o n s  would occtir i n  t h e  c a v i t y .  
Idiile t h e  e l i m i n a t i o n  of a n  " a c t i v e "  f l u x  c o n t r o l  i s  d e s i r a b l e ,  a 
p a s s i v e "  f l u x  c o i i t r o l  i n i p l i c s  a less e f f i c i e n t  system and a l a r g e r  I t  
coucent  r a t o r .  
It is recoiimicnded t h a t  p roLo t>pes  of t h e  s o l a r  f l u x  c o n t r o l  
mechanisms baud e l e c t r o n i c s  b e  asbelibled.  To d a t e ,  n e i t h e r  h a s  
been accomplisliecl. 
S e v e r a l  t l p e s  of s o l a r  f l u x  c o n t r o l  ricchanisrns a r e  i l l u s t r a t e d  
i n  F i g .  8 . Many t y p e s  of a c t u a t o r s  are  a v a i l d o l e  and severa l  
t } p e s  of c o n t r o l  i n p u t s  can be usec!. 
e f f e c t i v e n e s s  of "pass ive"  s o l a r  f l u x  c o n t r o l  is  shown i n  F ig .  9 
A t y p i c a l  c h a r t  showing tile 
10. CESIUM KESERVOIR COPiTROL 
The t e m p e r a t u r e  of t h e  c e s i u m  r e s e r l r o i r  f o r  each  i n d i v i d u a l  
c o n v e r t e r  can  have a dramat i c  e f f e c t  on c o n v e r t e r  performance,  A 
t y p i c a l  e f f e c t  i s  i l l u s t r a t e d  i n  F i g .  10 which shows t h a t  w i t h i n  a 
zone of about  ,+ 10  C, t h e  o u t p u t  power v a r i a t i o n  i s  small  f r o n  a 
c o n v e r t e r  a t  t y p i c a l  o p e r a t i n g  t e m p e r a t u r e s .  
0 
Labora to ry  developments t o  d a t e  s u p p o r t  t h e  c o n c l u s i o n  t h a t  
i n  a n  e q u i l i b r i u m  c o n d i t i o n ,  (such a s  scln synchronous o r b i t e r s  o r  
s o l a r  p r o b e s )  w i t h  no d a r k n e s s  o r  g r o s s  inpu t  v a r i a t i o n s ,  p a s s i v e  
cesium r e s e r v o i r  c o n t r o l  can  b e  used.  P a s s i v e  i m p l i e s  t h e  use of 
no a c t i v e  h e a t e r  e lements  t o  m a i n t a i n  r e s e r v o i r  t empera tu res  b u t  
r a t h e r  t h e  use of conduc t ion  and r a d i a t i o n  f r o n  che c o n v e r t e r  i t s e l f .  
Howeber, i n  a non-equ i l ib r ium c o n t r o l  s i t . ua t  ion,  ( such  as E a r t h  
o r b i t e r s ) ,  t h e  u s e  of p a s s i v e  cesium r e s e r v o i r  c o n t r o l  w i l l  r e s u l t  
i n  non-ope ra t ive  p e r i o d s  w h i l e  t h e  c o n v e r t e r s  a re  warming up f o r  
p e r i o d s  as Ion& as twenty minutes .  Thus, i n  o r b i t a l  a p p l i c a t i o n ,  
a c t i v e  cesium r e s e r v o i r  c o n t r o l  i s  r e q u i r e d  w h i l e  i n  a probe 
s i t u a t i o n ,  p a s s i v e  cesium r e s e r v o i r  c o n t r o l  will s u f f i c e .  
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Temperature v a r i a t i o n s  of 10 0 C can  be o b t a i n e d  w i t h  h e a t e r  
powers of less t h a n  one w a t t .  ffze d e s i g n  of the reservoir would 
b e  such  t h a t  e q u i l i b r i u m  t empera tu res  would t e n d  t o  he so~lewhat  
lower than  optimum i n  o r d e r  L O  p rov ide  p o s i i i v e  c o n t r o l .  
An examinat ion was macle 0 1  varioiis t y k e s  01 a c t i v e  c o n t r o l  
c i r c u i t s  which combined r e l i a u l e  o p e r a t  i o n  a r d  e x t r e r l e l )  low weizlit . 
The c i r c u i t  i l l u s t r a t e d  i n  Fib.10 i s  reco!zr-le?tled p r o v i d i n g  AC 
power i s  a v a i l a b l e  from t h e  poker s>scem, 
r e s e r v o i r  c o n t r o l  sJsLem f o r  a t y p i c a l  f i v e  d i o d e  g e n e r a t o r  would 
weidh about 1 2  ounces e x c l u s i v e  o t  l e a d s  from t h e  e l e c t r o n i c s  t o  
t h e  g e n e r a t o r .  
The e n t i r e  a c t i v e  cesium 
'The i n f l u e n c e  of a c t i v e  c o n t r o l  on g e n e r a t o r  t e m p e r a t u r e s  i s  
i l l u s t r a t e d  i n  F ig .  10 which sllows a t y p i c a l  s t a r t - u p  sequence.  
As shown, t h e  r a d i a t o r  arid r e s e r v o i r ,  each s t a r t i n g  a t  100°C, 
c o u i d  consume almost 
t e m p e r a t u r e s ,  It i s  p o s s i b l e  t o  c u t  t h i s  time i n  h a l f  o r  less 
w i t h  t h e  u s e  o i  a c t i v e  h e a t e r s .  
no t  b e  t u r n e d  on u n t i l  t h e  r a d i a t o r  had reached a minimum 
t e m p e r a t u r e .  With o p t i m i z a t i o n  of parameters, i t  i s  Fel t  t h a t  
a g e n e r a t o r  can  be s t a r t e d  up from a c o l d  e q u i l i b r i u m  i n  approx i -  
m a t e l y  f i v e  minutes  w i t h  each  cesium r e s e r v o i r  h e a t e r  consuming 
approx ima te ly  one t o  two w a t t  hours .  
twen ty  minutes a r r i v i n g  a t  c l o s e  t o  optimum 
;;ornally t h e  zct ive h e a t e r  woulci 
11. POiJER CONDITIOKII?JC AND COPiTROL 
A b l o c k  diagram of t h e  recorntended power c o n d i t i o n i n g  and 
c o n t r o l  subsystem is shown i n  F i g .  11. 
s y s t e m  i s  assumed w i t h  s u i t a b l e  c h a r g i n g  p r o v i s i o n s .  
The o u t p u t  from t h e  g e n e r a t o r  (s)  i s  c o n v e r t e d  to a nominal bus 
An electrocherr . ica1 s t o r a g e  
v o l t a g e  through a low v o l t a g e  DC/DC c o n v e r t e r  n e t n o r k .  
the  f a i l u r e  of a s i n g l e  c o n v e r t e r  does not mean t h e  Ea i lure  of 
t h e  e n t i r e  series s t r i n g  i f  m u l t i p l e  DC/DC c o n v e r t e r s  ( w i t h  shunt  
d i o d e s )  can  b e  used. The e v a l u a t i o n  of t h e  number o i  DC/DC 
A s  shown, 
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c o n v e r t e r s  and t h e  p a r a l l e l - s e r i e s  arrangement is  a i u n c t i o n  of 
c o n v e r t e r  e f f i c i e n c y ,  weight ,  lead r eqLi renen t  s ,  b u s  v o l t a g e  
r equ i r emen t s  and o t h e r  parameters .  
The c u r r e n t  o u t p u t  from t h e  b e n e r a t o r ( s )  i s  r e g u l a t e d  by a 
shun t  l oad .  Cur ren t  r e g u l a t i o n  was cLosen dile t o  t h e  l a r g e  l o s s e s  
a n t i c i p a t e d  i n  a v o l t a g e  c o n t r o l  slstern and t h e  a b i l i t y  t o  more 
closcly r e g u l a t e  Lhe o u t p u t  O L  the b e n e r a t o r .  Tor r e l i a b i l i t )  and 
p r e v e n t i o n  of o v e r h e a t i n g ,  it. i s  cons ide red  e s s e n t  i n 1  t o  m a i n t a i n  
a Genera to r  c u r r e n t  o u t p u t  w i t h i n  c l o s e  t o l e r a n c e s  t o  tile d e s i g n  
p o i n t .  The shun t  l oad  a l s o  has  p r o v i s i o n s  f o r  s l i o r t - c i r c u i t  ing 
t h e  g e n e r a t o r  a t  s t a r t - u p  u n t i l  t h e  d i o d e s  have opened. 
A b a t t e r y  c h a r g e r  i s  provided f o r  tlie DC s t o r a g e  s u b s j s t e m ,  
The c h a r g e r  will r e d u l a t e  b a t t e r y  charg,e r a t e  and b e  c o n t r o l l e d  
by a c u r r e n t  limiter, maximum charge volta, ,e,  t e m p e r a t u r e  and 
ground command. 
v e h i c l e  load w i l l  b e  used t o  cha rge  t h e  b a t t e r y  and /o r  d i s s i p a t e d  
i n  t h e  s h u n t ,  
Tlie o u t p u t  from t h e  generaLor not  used by t h e  
Bat tery o u t p u t  i s  c o n v e r t e d  by a h i g h  v o l t a g e  DC/DC c o n v e r t e r .  
During peak load  r equ i r emen t s ,  when g e n e r a t o r  o u t p u t  i s  less  t h a n  
l o a d  demand, t h e  c h a r g e r  and shunt  load are d i s c o n n e c t e d  e l e c t r i c a l l y  
and t h e  e x c e s s  power requirement  i s  o b t a i n e d  from t h e  b a t t e r y .  
The b a t t e r )  c o n v e r t e r  i s  a c t i v c t e d  when t h e  c u r r e n t  t o  t h e  load 
becomes e q u a l  t o  t h e  c u r r e n t  f rom t h e  g e n e r a t o r  a s  d e t e c t e d  b) 
the c u r r e n t  s e n s o r s .  The ou tpu t  of t h e  b a t t e r y  c o n v e r t e r  i s  pro- 
p o r t i o n a l  t o  t h e  d i f i e r m c e  betkeen t h e  load  and b e n e r a t o r  c u r r e n t .  
The r e g u l a t e d  v o l t a g e  output  from t h e  s y s t e m  i s  p rov ided  by 
a v o l t a g e  r e g u l a t o r .  
E f f i c i e n c y  of t h e  power c o n d i t i o n i n g  and c o n t r o l  sys t em,  
i n c l u d i n g  DC/DC c o n v e r s i o n  i s  e s t i m a t e d  t o  b e  nomir.ally 
e x c l u s i v e  of s t o r a g e .  TLe d e s i g n  o i  tlie c i r c u i t r y  is  r e l a t i v e l y  
s t r a i g h t  forward w i t h  t h e  e x c e p t i o n  of t h e  low v o l t a g e  DC/DC 
c o n v e r t e r ,  The major problem a r e a s  are: 
70 p e r c e n t ,  
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1) E f f i c i e n t  d e s i g n  o i  t h e  DC/DC c o n v e r t e r  w i t h  minimum 
weight 
The development OS a DC/i)C co: iver ter  kliic,i can opeLa te  
a t  medium o r  high t cmpera tu res  (00 t o  130 C )  wiLh h igh  
e f f i c  i e nc y . 
2 )  
0 
3 )  The e s t a b l i s h m e n t  of t h e  p rope r  t r a d e o t f  between a l a r g e  
number of DC/DC c o n v e r t e r s  f o r  r c l i a b i l i t y  and redundancy 
and tlie weight p e n a l t y  i n c u r r e d  t hrough l e a d  losses,  
DC/DC c o n v e r t e r  weight,  e t c .  
12. VEHICLE 
The c o n s i d e r a t i o n s  i n  I e i n t  ejiraLion o i  s o l a r - t h e r m i o n i c  
slstems inLo p r a c t l c a l  vcb i i c l e s  and m i s s i o n s  are s i m i l a r  i n  many 
respects t o  t1:ose of  i n t e g r a t i n g  yl iotovol t r t ic  s>stcms, 
g e n e r a l  c o n s i d e r a t i o n s  i s  g iben  i n  Table  II Lor i l l u s t r a t i 1 . e  
pu rposes .  
t h e  v e h i c l e  i n t e r a c t i o n s  i n  d e t a i l ;  however, t h e y  must be 
c o n s i d e r e d  i n  d e L i n i t  i v e  f l i g h t  s t u d i e s .  
A l i s t  of 
The s o l a r - t h e r m i o n i c  sbstems a n a l y s i s  d i d  not c o n s i d e r  
O f  s p e c i a l  concern t o  s o l a r - t h e r m i o n i c  e l e c t r i c a l  power 
. *In. . .,". 
S t o  package t h e  s y s t e m  and t h e  t r a d c o f f s  
conce rn ing  number of c o n c e n t r a t o r s ,  system performance and 
r e l i a b i l i t y .  F i g u r e  1 2  i l l u s t r a t e s  t h e  l i m i t a t  i ons  on concen- 
t r a t o r  d i a n e t e r  inposed by s y s t e n  e f f i c i e n c y ,  power o u t p u t  and 
s o l a r  i n t e n s i t y .  
r e q u i r e d  t o  produce an e l e c t r i c a l  power o u t p u t  from t h e  s y s t e m  
up t o  4000 watts assuming a sJstem e f f i c i e n c ;  o i  13.5 percent  and 
a d i s t a n c e  from the sun  of 1 A U .  
F i g u r e 1 3  i l l u s t r a t e s  t h e  number of c o n c e n t r a t o r s  
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